Introduction
============

Bladder and prostate cancer are the most common malignant tumors of the male urogenital system, with high morbidity and mortality ([@b1-ol-0-0-5922]--[@b3-ol-0-0-5922]). Currently, the main treatment for these cancers are surgery, combined with chemotherapy, immunotherapy, radiotherapy and other combined treatment regimens. However, these treatments have limitations that cannot be ignored. Current biological treatments show great potential in animal experiments and clinical tests and represents a new potential way to inhibit tumor development.

Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is the only known protein that can specifically induce apoptosis of tumor cells without affecting normal cells. Therefore, it has great potential for use in tumor treatment ([@b4-ol-0-0-5922],[@b5-ol-0-0-5922]). In the present study, we observed the effects of TRAIL on proliferation and apoptosis of prostate and bladder cancer cells, thereby providing an experimental basis for cancer treatment with TRAIL.

Materials and methods
=====================

### Cells and reagents

The human prostate cancer cell line, PC-3 and human bladder carcinoma cell line 5637 were purchased from the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences (Shanghai, China). Recombinant human TRAIL containing amino acids 114--281 of the extracellular domain and purified GST-rTRAIL protein were obtained as previously described ([@b6-ol-0-0-5922],[@b7-ol-0-0-5922]). The cell incubator was from Thermo Forna (Marietta, OH, USA). SW-CJ-IF type super-clean bench was purchased from Suzhou Purification Equipment Factory (Suzhou, China). Flat-bottom 6-well plates and 96-well plates were purchased from Coster (Cambridge, MA, USA). ELISA plate reader was purchased from BioTek (Winooski, VT, USA). Cell Counting Kit-8 (CCK-8) was purchased from Dojindo Laboratories (Kumamoto, Japan). Annexin V kit was purchased from the Laboratories Company. Flow cytometer was purchased from Beckman Coulter, Inc. (Brea, CA, USA). Fetal calf serum (FCS) and RPMI-1640 were purchased from Gibco (Grand Island, NY, USA).

### Cell culture

PC-3 human bladder cancer cells and the 5637 prostate cancer cells were cultured in RPMI-1640 medium containing 10% FCS, 100 U/ml penicillin and 100 mg/l streptomycin at 37°C, 5% CO~2~ and saturated humidity conditions. Half of the medium was changed twice each week.

### Measurement of tumor cell proliferation by CCK-8

PC-3 and 5637 cells in the logarithmic growth phase were seeded in 96-well plates at a density of 8×10^3^ cells/ml. After 12 h of incubation, TRAIL was added to each well corresponding to cells of the experimental group for 24 h. TRAIL concentrations used in the 5637 cells were 1, 5, 10, 20 and 40 ng/ml, and TRAIL concentrations used in PC-3 cells were 10, 20, 40, 80 and 160 ng/ml. Ten microliters of CCK-8 reagent was added to each well and incubated for 2 h at 37°C and the optical density (OD) value was measured by the microplate reader at 450 nm. The cells without TRAIL were taken as the untreated group. The medium was used as the blank control and each group was examined in triplicate. Cell proliferation rate (%) = (experimental group OD value - blank control group OD value)/(untreated group OD value - control group OD value) × 100%.

### Measurement of tumor cell apoptosis by flow cytometry

PC-3 and 5637 cells were seeded in 6-well plates at a density of 4×10^5^ cells/ml. After 12-h incubation, the 5637 cells in the experimental group were treated with 5 or 10 ng/ml TRAIL, while the PC-3 cells in the experimental group were treated with 20 or 40 ng/ml TRAIL, and the cells were collected after 24-h incubation. Cells were washed twice in PBS. After being combined with the re-suspended cells in the buffer solution, 5 µl Annexin V-FITC and PI were added, respectively, and mixed evenly. Finally, samples were left to stand shielded from light at room temperature for 15 min and then analyzed for apoptosis by low cytometry. The above experiments were repeated three times.

### Statistical analysis

SPSS statistical software version 12.0 (IBM, Armonk, NY, USA) was used for data processing. Data are expressed as mean ± SD. Groups were compared with the t-test, P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### The effect of different concentrations of TRAIL on PC-3 and 5637 cell proliferation

TRAIL inhibited the proliferation rate of PC-3 and 5637 cells, and proliferation rate decreased with increasing concentration of TRAIL. PC-3 cell proliferation decreased significantly when treated by TRAIL at all concentrations except 10 ng/ml (P\<0.05). In 5637 cells, TRAIL at all concentrations except 1 ng/ml significantly decreased the cell proliferation rate (P\<0.05) ([Table I](#tI-ol-0-0-5922){ref-type="table"}).

### The effect of TRAIL on apoptosis of 5637 bladder cancer cells

Flow cytometry showed that TRAIL significantly increased the rate of apoptosis of 5637 cells. Tumor cell apoptosis increased with the dose of TRAIL ([Fig. 1](#f1-ol-0-0-5922){ref-type="fig"}).

### The effect of TRAIL on apoptosis on PC-3 prostate cancer cells

Flow cytometry showed that TRAIL significantly increased the rate of apoptosis of PC-3 cells. Tumor cell apoptosis increased with the dose of TRAIL ([Fig. 2](#f2-ol-0-0-5922){ref-type="fig"}).

Discussion
==========

TRAIL is a member of the TNF superfamily, which activates apoptotic pathways by binding to corresponding death receptors, TRAIL2R1 (DR4) and TRAIL2R2 (DR5), thereby selectively inducing apoptosis in cancer cells without effecting normal cells. The results of this study show that the recombinant and purified TRAIL protein mainly plays an inhibitory role in PC-3 prostate cancer cells and 5637 bladder cancer cells by inducing apoptosis. The inhibitory effect of TRAIL is dose-dependent and tumor cells from different sources have different sensitivities to TRAIL-induced apoptosis. Low-dose TRAIL did not induce significant apoptosis in either cell line. These results are consistent with the observations of the cell proliferation assay. Apoptosis of tumor cells was significantly increased with higher doses of TRAIL.

Despite these observations on apoptosis and proliferation, the long-term inhibitory effects of our TRAIL protein construct on tumor cell proliferation are unclear. Previous studies have shown that due to tumor drug resistance, TRAIL monotherapy was ineffective. In recent years, many studies reported on the combined use of TRAIL and chemotherapy drugs for the treatment of tumors ([@b8-ol-0-0-5922],[@b9-ol-0-0-5922]). Their combined use can effectively enhance the overall antitumor effect, reduce the required dose of chemotherapy drugs in clinical application and reduce cytotoxicity. Shin *et al* showed that when prostate cells were treated in combination with tanshinone and TRAIL, miR135a-3p expression was upregulated and DR5 activity was induced, thereby increasing TRAIL-induced apoptosis of prostate cancer cells ([@b10-ol-0-0-5922]). Ismail *et al* showed that the combination of the anticancer drug, RG003 and TRAIL could enhance TRAIL-induced apoptosis of prostate cancer cells ([@b11-ol-0-0-5922]). Others have reported that metformin and evodiamine could enhance the effect of TRAIL on the apoptosis of human bladder cancer cells through downregulation of c-FLIP and Mcl-1 expression ([@b12-ol-0-0-5922],[@b13-ol-0-0-5922]) via the mTOR/S6K1 signaling pathway. Therefore, whether the combined application of our recombinant, purified TRAIL construct with chemotherapy drugs can effectively induce long-term effects on the apoptosis of tumor cells and the specific mechanisms thereof, remain to be further studied.
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![Detection of 5637 cell apoptosis by flow cytometry. Apoptosis increased with the concentration of TRAIL. TRAIL, tumor necrosis factor-related apoptosis-inducing ligand.](ol-13-05-3638-g00){#f1-ol-0-0-5922}

![Detection of PC-3 cell apoptosis by flow cytometry. Apoptosis increased with the concentration of TRAIL. TRAIL, tumor necrosis factor-related apoptosis-inducing ligand.](ol-13-05-3638-g01){#f2-ol-0-0-5922}

###### 

Proliferation rate of PC-3 and 5637 cells as a function of TRAIL protein concentration.

         Proliferation rate (%) with different concentrations of TRAIL (ng/ml)                                                                                                                                                                                                                                                                                                    
  ------ ----------------------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- -------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  PC-3                                                                                                                                     94.56±1.32                                                53.71±0.61^[a](#tfn1-ol-0-0-5922){ref-type="table-fn"}^   30.0±0.58^[a](#tfn1-ol-0-0-5922){ref-type="table-fn"}^   17.22±0.45^[a](#tfn1-ol-0-0-5922){ref-type="table-fn"}^   12.22±0.67^[a](#tfn1-ol-0-0-5922){ref-type="table-fn"}^
  5637   92.35±1.35                                                              52.31±0.91^[a](#tfn1-ol-0-0-5922){ref-type="table-fn"}^   26.22±0.65^[a](#tfn1-ol-0-0-5922){ref-type="table-fn"}^   10.83±0.63^[a](#tfn1-ol-0-0-5922){ref-type="table-fn"}^   4.35±0.35^[a](#tfn1-ol-0-0-5922){ref-type="table-fn"}^                                                             

Compared with the non-treated TRAIL protein group, P\<0.05. TRAIL, tumor necrosis factor-related apoptosis-inducing ligand.
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